Ovulation is accompanied by a marked infiltration of leukocytes into thecal layers after the gonadotropin surge. P-selectin is known to play a critical role in the initial steps of leukocyte recruitment from the bloodstream during inflammation. Thus, the objective was to investigate the potential regulation of Pselectin by gonadotropins in equine preovulatory follicles. The full-length equine P-selectin cDNA was cloned by a combination of reverse transcription-polymerase chain reaction (RT-PCR) and 5-and 3-rapid amplification of cDNA ends. Results showed that equine P-selectin cDNA encodes an 829-amino acid protein that is highly conserved when compared to the human protein (80% identity). Semiquantitative RT-PCR/Southern blot analyses were performed to study the regulation of P-selectin transcript in preovulatory follicles isolated during estrus at 0, 12, 24, 30, 33, 36, and 39 h after an ovulatory dose of hCG (ovulation occurs between 39 and 42 h post-hCG in this model). Results showed that levels of P-selectin mRNA remained very low or undetectable throughout the ovulatory process in extracts prepared from the granulosa cell layer. In contrast, a significant increase in P-selectin transcript was observed between 30 and 39 h post-hCG in extracts obtained from thecal layers (P Ͻ 0.05). Likewise, immunohistochemistry revealed an increase of immunoreactive P-selectin protein in the vascular endothelium present in thecal layers of follicles isolated 36 and 39 h posthCG. Thus, the present study describes, to our knowledge for the first time, the primary structure of equine P-selectin and the regulation of P-selectin transcript and protein in follicular thecal endothelial cells before ovulation.
INTRODUCTION
The adhesion molecule P-selectin, which is encoded by the selectin P (SELP) gene, is a glycoprotein that belongs to a family of selectins known to play a critical role in the initial steps of leukocyte emigration from blood vessels into extravascular inflammatory sites [1] [2] [3] [4] . Originally, P-selectin was localized in ␣-granules of human platelets [5, 6] and later in Weibel-Palade bodies of endothelial cells [7] . Its entire primary structure ultimately was revealed following its initial cloning from a human endothelial cell cDNA library [8] . P-selectin is a type 1 membrane-spanning protein containing an amino-terminal lectin domain, a single transmembrane region, and a short carboxyl-terminal cytoplasmic tail. Generally, P-selectin expression is absent or very low on the surface of resting endothelial cells but is markedly increased when the endothelium is exposed to inflammatory mediators [2] . Once expressed, P-selectin, along with E-selectin, mediates the initial tethering and rolling of leukocytes on the surface of endothelial cells, a first step in their recruitment from the bloodstream [1] . These reversible, transient adhesive interactions result from lowaffinity binding between endothelial P-selectin and its physiological ligand on leukocytes, P-selectin glycoprotein ligand-1 (PSGL-1, also known as SELPLG) [9] [10] [11] [12] . The role of these molecules in leukocyte rolling was confirmed by genetic studies of mice in which SELP and SELPLG were inactivated [13] [14] [15] .
The process of ovulation, which is triggered by the LH preovulatory surge, involves a series of biophysical and biochemical events that ultimately lead to rupture of the preovulatory follicle and release of the oocyte [16, 17] . Because some of these events include hyperemia, edema, leukocyte extravasation, and tissue damage and repair, the process has been recognized as a self-controlled, recurrent inflammatory reaction occurring at each estrual or menstrual cycle [18] [19] [20] [21] . Numerous investigations have provided convincing evidence for a marked infiltration of leukocytes into thecal layers after the gonadotropin surge [22] [23] [24] [25] [26] [27] [28] . Interestingly, species-specific differences were observed in the predominant leukocyte subtypes in the preovulatory follicle, with macrophages and neutrophils prevailing in rats and humans [23, 24] , neutrophils and eosinophils dominating in sheep [25] , and eosinophils being particularly prominent in pigs and horses [26, 27] . Although the precise roles of leukocytes in ovulation remain to be determined, their phagocytic properties and capacity to produce cytokines, chemokines, and proteolytic enzymes are thought to contribute to the physiological inflammation necessary for follicular rupture [29] [30] [31] [32] [33] . These processes imply that leukocytes must first migrate from the general circulation into ovarian tissues, a multistep cascade that begins with the selectin-dependent attachment and rolling of leukocytes on endothelial cells [1] [2] [3] [4] . To our knowledge, however, no publication regarding the potential regulation of selectins in preovulatory follicles after the gonadotropin surge has appeared.
Considering its large size (diameter, 40-45 mm) and rel-atively protracted ovulatory process (39-42 h post-hCG), the equine preovulatory follicle provides some unique advantages for studying the cascade of events leading to follicular rupture [34] . As observed in other species, the cellular and vascular changes that occur in equine follicles during ovulation are similar to those present during an acute inflammatory reaction [27] . Several mediators of inflammation, such as cyclooxygenase-2, interleukin-1␤, and a disintegrin and metalloproteinase with thrombospondin-like motifs-1 (ADAMTS1) also were present and regulated in equine preovulatory follicles [34] [35] [36] [37] . Interestingly, a massive infiltration of leukocytes, primarily eosinophils, into thecal layers has been observed just before ovulation [27] .
To identify some of the fine mechanisms involved in leukocyte recruitment during this key physiological process, the general objective of the present study was to investigate the potential regulation of P-selectin by gonadotropins in equine preovulatory follicles. The specific objectives were to clone and characterize equine P-selectin and to describe the expression of P-selectin transcript and protein in equine follicles during hCG-induced ovulation.
MATERIALS AND METHODS

Materials
The Prime-a-Gene labeling system and pGEM-T Easy Vector System I were obtained from Promega Corp. 
Cloning of the Equine P-Selectin cDNA
The isolation and characterization of the full-length equine P-selectin cDNA was performed by a combination of RT-PCR and 5Ј-and 3Ј-RACE. A short cDNA fragment was first isolated by RT-PCR using sense and antisense primers designed by sequence alignments of known P-selectin species homologues, 500 ng of pooled equine ovarian RNA, and the Access RT-PCR kit (Promega) as directed by the manufacturer (RT-PCR 1; Fig. 1Aa ). Pooled ovarian RNA consisted of equal amounts of RNA prepared from a preovulatory follicle isolated before hCG, another follicle isolated 36 h after hCG, and a corpus luteum obtained on Day 8 of the cycle (Day 0 ϭ day of ovulation) as previously described [38] .
A second RT-PCR was designed to obtain a large internal cDNA fragment (RT-PCR 2; Fig. 1Ab ). The RT reaction was done using 5 g of pooled ovarian RNA, a poly-dT oligonucleotide (primer 7), and SuperScript II reverse transcriptase as directed by the manufacturer. Then, nested PCR reactions involved a first reaction that used sense primer 3 and antisense primer 4 and a second nested reaction that employed sense primer 5 and antisense primer 6 (Fig. 1Ab) . Sense primers 3 and 5 were designed from sequences obtained from RT-PCR 1 and, thus, were specific for equine P-selectin, and anti-sense primers 4 and 6 were designed by sequence alignments of other P-selectin homologues. In all cases, cDNA fragments were recovered and subcloned into the pGEM-T Easy plasmid vector (Promega) and sequenced by the Service de Séquençage de l'Université Laval (PQ, Canada).
To characterize the missing 3Ј-end of equine P-selectin, a 3Ј-RACE was performed as previously described [38] using 5 g of total RNA isolated from a preovulatory follicle. Briefly, the 3Ј-RACE/RT reaction was performed using a poly-dT oligonucleotide with anchor sequences at its 5Ј-end (primer 7) (Fig. 1Ac) . The first 3Ј-RACE/PCR reaction was performed with sense primer 8 and antisense primer 9, whereas the second 3Ј-RACE/PCR was performed with sense primer 10 and antisense primer 11. To obtain the 5Ј-end of equine P-selectin, the 5Ј-RACE system Version 2.0 (Invitrogen Life Technologies) was used according to the manufacturer's instructions. Reverse transcription was performed as directed using antisense primer 12 ( Fig. 1Ad ) and 5 g of RNA from a preovulatory follicle. The first 5Ј-RACE/PCR reaction was performed with senseabridged anchor primer 13 (Invitrogen Life Technologies) and antisense primer 14, whereas the second 5Ј-RACE/PCR reaction employed the sense-abridged universal amplification primer 15 (Invitrogen Life Technologies) and antisense primer 16 (Fig. 1Ad) . The PCR reactions consisted of 35 cycles of 94ЊC for 30 sec, 56ЊC for 60 sec, and 72ЊC for 1 min. Final products from 3Ј-and 5Ј-RACE were subcloned into pGEM-T Easy (Promega) and sequenced as described above.
Equine Tissues and RNA Extraction
Equine preovulatory follicles were isolated at specific stages of the estrous cycle from standardbred and thoroughbred mares as previously described [27] . Briefly, when preovulatory follicles reached 35 mm in diameter during estrus, the ovulatory process was induced by injection of hCG (2500 IU i.v.), and ovariectomies were performed via colpotomy using an ovariotome at 0, 12, 24, 30, 33, 36, or 39 h post-hCG (n ϭ 4-6 mares/time point). Ovulation occurs at 39-42 h post-hCG in this model [34] . Each preovulatory follicle was dissected from the surrounding ovarian tissue with a scalpel. A small piece of the follicle was cut with fine scissors, fixed in formalin, and used for immunohistochemistry. Isolated preparations of granulosa cells and of thecal layers were obtained as previously described [39] . The relative purity of each preparation has been validated by the selective expression of cell-specific markers (P450 aromatase [CYP19A1] mRNA for the granulosa cell preparation and P450 17␣-hydroxylase/C17-20 lyase [CYP17A1] mRNA for the thecal preparation [40] ). Testicular tissues were obtained from the Large Animal Hospital of the Faculté de médecine vétérinaire (Université de Montréal) following a routine castration, whereas other nonovarian tissues were collected at a local slaughterhouse. All animal procedures were approved by the institutional animal use and care committee. Total RNA was isolated from tissues with TRIzol reagent (Invitrogen), according to manufacturer's instructions using a Kinematica PT 1200C Polytron Homogenizer (Fisher Scientific, Montréal, PQ, Canada).
Semiquantitative RT-PCR and Southern Blot Analysis
The Access RT-PCR system was used for semiquantitative analysis of P-selectin and RPL7A mRNA levels (control gene) in equine tissues. Reactions were performed as directed by the manufacturer using sense (5Ј-ACACAGCCTCCTGTCAGGACAC-3Ј) and antisense (5Ј-CAGGCGCT-GACACTGCACAGC-3Ј) primers specific for equine P-selectin. Sense (5Ј-ACAGGACATCCAGCCCAAACG-3Ј) and antisense (5Ј-GCTCCTT TGTCTTCCGAGTTG-3Ј) primers specific for equine RPL7A were designed from a published sequence deposited in GenBank (accession no. AF508309). These reactions resulted in the production of P-selectin and RPL7A DNA fragments of 506 and 516 base pairs (bp), respectively. Each reaction was performed using 100 ng of total RNA, and cycling conditions were one cycle of 48ЊC for 45 min and 94ЊC for 2 min, followed by a variable number of cycles of 94ЊC for 30 sec, 60ЊC for 1 min, and 68ЊC for 2 min. The number of cycles used was optimized for each gene to fall within the linear range of PCR amplification and were 27 and 18 cycles for P-selectin and RPL7A, respectively. Following PCR amplification, samples were electrophoresed on 2% Tris-acetate-EDTA-agarose gels, transferred to nylon membranes, and hybridized with corresponding radiolabeled P-selectin and RPL7A cDNA fragments using QuickHyb hybridization solution (Stratagene). Membranes were exposed to a phosphor screen, and signals were quantified on a Storm imaging system using the ImageQuant software version 1.1 (Molecular Dynamics, Amersham Biosciences, Sunnyvale, CA).
Immunohistochemical Localization of P-Selectin in Equine Follicles
Immunohistochemical staining was performed using the Vectastain ABC kit (Vector Laboratories) as previously described [34] . Briefly, for- ), 3Ј-RACE (c), and 5Ј-RACE (d) as described in Materials and Methods; arrows and numbers indicate the orientation, relative position, and identity of oligonucleotides used in each cloning procedure. B) List of oligonucleotides used for equine P-selectin cloning. The abridged anchor primer (13) and abridged universal amplification primer (15) are components of the 5Ј-RACE system. malin-fixed tissues were paraffin-embedded, and sections (thickness, 3 m) were prepared and deparaffinized through a graded alcohol series and treated with boiling Antigen Retrieval Citra Plus Solution (BioGenex Laboratories) in a microwave oven as directed by the manufacturer. Endogenous peroxidase was quenched by incubating the slides in 0.3% hydrogen peroxide in methanol for 30 min. After rinsing in PBS for 15 min, sections were incubated with diluted normal goat serum (1:75 dilution in PBS) for 20 min at room temperature. The anti-human P-selectin antibody (BD Biosciences, San Jose, CA) was diluted in PBS (1:1000 dilution) and applied, and sections were incubated overnight at 4ЊC. Control sections were incubated with PBS. After rinsing in PBS for 10 min, a biotinylated goat anti-rabbit antibody (1:222 dilution; Vector Laboratories) was applied, and sections were incubated for 45 min at room temperature. Sections were washed in PBS for 10 min and incubated with the avidin DH-biotinylated horseradish peroxidase H reagents for 45 min at room temperature. After washing with PBS for 10 min, the reaction was revealed using diaminobenzidine tetrahydrochloride as the chromogen. Sections were counterstained with Gill hematoxylin stain and then mounted. The anti-human Pselectin antibody has been shown to cross-react specifically with P-selectin of other species (BD Biosciences), and preliminary immunohistochemistry studies performed on equine gastric tissues revealed a positive staining localized exclusively to the vascular endothelium, in keeping with the expected localization of the protein (data not shown).
Statistical Analysis
One-way ANOVA was used to test the effect of time after hCG on levels of P-selectin mRNA in samples of theca and granulosa cells. Levels of P-selectin mRNA were normalized with the control gene RPL7A before analysis. When ANOVAs indicated significant differences (P Ͻ 0.05), the Dunnett test was used for multiple comparisons of individual means. Statistical analyses were performed using JMP software (SAS Institute, Inc., Carry, NC).
RESULTS
Characterization of the Equine P-Selectin cDNA
A short, 148-bp, equine P-selectin cDNA fragment was first obtained by RT-PCR with primers designed by sequence alignments of P-selectin from other species (Fig.  1Aa) . This equine cDNA sequence was then used to generate homologous sense primers that help obtain a large, 2046-bp, internal equine cDNA fragment (Fig. 1Ab) . From the latter, primers were designed for 3Ј-and 5Ј-RACE reactions, and overlapping fragments corresponding to the 3Ј-and 5Ј-ends were isolated (fragments of 802 and 401 bp, respectively) (Fig. 1, Ac and Ad) . Results showed that the equine P-selectin cDNA was composed of a 5Ј-untranslated region of 25 bp, an open reading frame of 2490 bp (including the stop codon), and a 3Ј-untranslated region of 729 bp containing three 5Ј-AATAAA-3Ј polyadenylation signals. The nucleotide sequence was submitted to GenBank with accession number AY509881.
The coding region of equine P-selectin encodes a 829-amino acid protein, which is one amino acid shorter than the human region [8] ; 61-62 amino acids longer than the mouse [41] , rat [42] , and ovine region (GenBank accession number P98109); and 180-185 amino acids longer than bovine [43] , rabbit (GenBank accession number AAA81385), and porcine region [44] (Fig. 2) . The equine P-selectin sequence is highly conserved compared to the human orthologue, with an 80% identity observed at the amino acid level and an 85% identity at the nucleic acid level. Moreover, all structural domains putatively involved in P-selectin function are conserved in the equine protein, including an N-terminal lectin domain, an epidermal growth factor (EGF)-like domain, nine consensus repeats homologous to complement regulatory proteins (CRPs) motifs, a transmembrane domain, and a short C-terminal cytoplasmic domain (Fig. 2) . The equine protein was shown to be rich in cysteine residues (n ϭ 65, 8% of total amino acids) and to contain numerous (n ϭ 15) potential asparagine-linked glycosylation sites, as observed in other species (Fig. 2) .
Tissue Distribution of Equine P-Selectin mRNA
Analyses with RT-PCR and Southern blotting were used to study the relative expression of equine P-selectin transcript in various tissues. Although P-selectin appeared to be ubiquitously expressed, marked variations were observed across tissues (Fig. 3) . Very high levels of P-selectin mRNA were observed in the skin; moderate to high levels in skeletal muscle, lung, testis, and thecal layers from a preovulatory follicle isolated 36 h after hCG; and very low to low levels in the other tissues tested (Fig. 3) .
Regulation of P-Selectin mRNA in Preovulatory Follicles
To study the regulation of P-selectin mRNA during the ovulatory process, RNA extracts were prepared from granulosa cell and thecal layers of equine preovulatory follicles isolated between 0 and 39 h after hCG treatment, and RT-PCR/Southern blot analyses were performed. Results showed that levels of P-selectin transcript in the granulosa cell layer were low or undetectable (Fig. 4A) . When results from several follicles were expressed as ratios of P-selectin
Predicted amino acid sequence of equine P-selectin and comparisons with other mammalian homologues. The amino acid sequence of equine (equ) P-selectin is aligned with the human (hum), mouse (mou), rat, ovine (ovi), bovine (bov), rabbit (rab), and porcine (por) homologues. Identical residues are marked with a printed period, and hyphens indicate gaps in protein sequences created to optimize alignment. The putative signal peptide cleavage site is indicated by an arrowhead, and the numbers on the right refer to the last amino acid on that line. Box regions include a lectin domain (Lectin), an EGF-like domain (EGF), nine CRP domains (CRP-1 to CRP-9), and a transmembrane domain. Potential asparagine (N)-linked glycosylation sites are marked with an asterisk, and the putative cytoplasmic domain is underlined.
to RPL7A, no significant change was observed following hCG administration (n ϭ 4-5 follicles [i.e., mares] per time point) (Fig. 4B) . In contrast, high levels of P-selectin mRNA were observed in the thecal layer, and the transcript increased after hCG (Fig. 4C) . Results from multiple follicles revealed a significant increase in P-selectin after gonadotropin treatment, with levels being significantly higher in thecal layers isolated between 30 and 39 h post-hCG than in those obtained before hCG (0 h, P Ͻ 0.05, n ϭ 4-5 follicles [i.e., mares] per time point) (Fig. 4D) .
Immunohistochemical Localization of P-Selectin Protein in Preovulatory Follicles
To characterize the cellular localization of P-selectin protein in equine preovulatory follicles, immunohistochemistry was performed on sections of equine follicles isolated at 0, 12, 24, 30, 33, 36 , and 39 h after hCG treatment (n ϭ 5-6 follicles [i.e., mares] per time point). Results showed that the P-selectin immunoreactive signal was localized exclusively to the vascular endothelium in thecal layers. P-selectin immunoreactivity was either low or undetectable in (Fig. 5, C-F) [36 h ]. The expression of P-selectin protein coincided with the presence of eosinophils adhering to the endothelium of blood vessels and emigrating into the extravascular compartment (Fig. 5G) . A marked loosening of the granulosa cell layer and severe edema and vascular changes in thecal layers were induced by the hCG treatment, as previously characterized [27] .
DISCUSSION
The present study demonstrates, to our knowledge for the first time, that expression of the adhesion molecule Pselectin is regulated in ovarian follicles during the ovulatory process, with an induction occurring before follicular rupture in endothelial cells of blood vessels located in thecal layers. Studies on the expression of P-selectin in the ovary have been very limited, with only one reported publication on the expression of selectins in the bovine ovary that primarily focused on the corpus luteum [45] . The latter study, which used pairs of ovaries collected from an abattoir and staged according to different macroscopic and microscopic criteria, also included a group of five dominant follicles (diameter, 1-2 cm) putatively identified as preovulatory. In contrast to the results of the present study, Pselectin was not observed in any of the bovine preovulatory follicles, but it remains unknown if they had been exposed to an endogenous gonadotropin surge. Considering the central role played by P-selectin during the inflammatory response, its induction during the equine ovulatory process further strengthens the parallel that has been established between this key physiological process and inflammation [18] [19] [20] [21] .
Previous investigations have shown that the induction of P-selectin on the surface of endothelial cells can be either very rapid (i.e., within minutes of stimulation) when it involves the mobilization/translocation of preformed P-selectin stored in Weibel-Palade bodies or can require hours when it results from transcription and new protein synthesis [2, 46] . Several inflammatory regulators, such as tumor necrosis factor (TNF) ␣, lipopolysaccharides, interleukin-3, interleukin-4, and oncostatin M have been recognized as inducers of P-selectin synthesis in endothelial cells, although important differences exist among species [47] [48] [49] [50] . In the present study, the hCG-dependent induction of Pselectin transcript and protein in thecal endothelial cells now identifies the gonadotropin as another regulator of selectin expression. However, the absence of evidence of LH/ FIG. 5. Immunohistochemical localization of P-selectin protein in equine preovulatory follicles. Because of its large size (diameter, 4.0-4.5 cm), each preovulatory follicle was first dissected from the surrounding ovarian tissue, and a small piece of the follicle wall was fixed in formalin. Immunohistochemistry was performed on sections of follicles isolated between 0 and 39 h after hCG treatment as described in Materials and Methods. Results show no P-selectin staining in follicles obtained at 0 h (A) and 24 h (B) posthCG, but a marked immunoreactivity (arrows) was observed in blood vessels of follicles isolated at 36 h post-hCG (C-F). A section of a follicle obtained at 36 h posthCG and stained with hematoxylin-eosinsaffran (G) shows the presence of numerous eosinophils (arrowheads) migrating along the endothelium in a small vessel or in the extravascular compartment. Control staining (H) from the follicular tissue presented in F was negative when the primary antibody was replaced with PBS. The limits of the granulosa cell (gc) layer are indicated. The region above the granulosa cell layer corresponds to the antrum, whereas the region immediately beneath includes thecal layers. Considering the aim of the present study, selected thecal areas containing blood vessels are presented. A complete characterization of the histological changes associated with the equine ovulatory process has been described previously [27] . Tissue contraction during the fixation process is responsible for wrinkles observed in sections of follicle wall. Magnification ϫ200 (A-C, E, G, and H) and ϫ400 (D and F).
hCG receptors on thecal endothelial cells favors an indirect mechanism of action. The gonadotropin could stimulate granulosa cells to produce mediators that would then act on thecal layers to regulate P-selectin expression. The protracted period of time (ϳ30 h post-hCG) needed for induction of P-selectin transcript in equine preovulatory follicles certainly would allow time for the expression of intermediary mediators. Moreover, because it induces an inflammatory-like reaction in preovulatory follicles, hCG likely generates molecules that could act on the endothelium to induce P-selectin. For example, TNF, a known activator of endothelial P-selectin expression, has been localized in human and ovine preovulatory follicles [51, 52] . However, further work is needed to unravel the precise mechanisms involved.
The induction of P-selectin expression in equine follicles before ovulation raises questions regarding its precise role during this process. Marked vascular changes, such as hyperemia, edema, and hemorrhages, have been observed in equine follicles during the ovulatory process, all of which were shown to occur more than 30 h after hCG administration (i.e., within 9-12 h before follicular rupture) [27] . Interestingly, an extensive emigration of eosinophilic leukocytes into the equine follicle wall has been reported during hCG-induced ovulation [27] . The precise timing of eosinophil extravasation, which occurred between 33 and 39 h post-hCG [27] , suggests that it could, indeed, result from endothelial P-selectin induction in thecal layers. The physiological ligand for P-selectin, PSGL-1, is expressed by a variety of leukocytes, including eosinophils [53] [54] [55] . In fact, eosinophils are thought to express more PSGL-1 than neutrophils express, which may explain their greater ability to bind P-selectin, particularly in conditions where endothelial P-selectin is expressed at low levels [53, 55] . However, the prominent recruitment of eosinophils into equine preovulatory follicles is unlikely to be explained solely by the expression of P-selectin. Studies of asthma, an allergic condition during which eosinophils are selectively recruited into the bronchial mucosa, revealed that eosinophil recruitment involves not only P-selectin but also several other factors that include specific chemotactic cytokines (i.e., chemokines), such as eotaxins, RANTES (regulated on activation, normal T cell expressed and secreted; also known as CCL5), and monocyte chemoattractant proteins [56] . In contrast, the precise molecular basis for the cyclic infiltration of eosinophils into equine, as well as porcine [26] and ovine [25] , preovulatory follicles remains uncharacterized. Of interest, the marked vascular emigration of eosinophils into the developing bovine and human corpus luteum recently has been related to P-selectin and RANTES expression [45, 57] . The presence of leukocyte chemoattractant activities and the hormonal regulation of a number of chemokines have been described in preovulatory follicles [58] [59] [60] [61] [62] [63] . Whereas none has been related directly to the selective eosinophil infiltration into ovarian follicles, the potential involvement of eotaxins and RANTES deserves further attention.
A presumptive role for leukocytes during the ovulatory process has been inferred from the literature in a number of species demonstrating leukocyte cyclic influx into follicles before ovulation [22] [23] [24] [25] [26] [27] [28] . Indeed, it is thought that infiltrated leukocytes may help to propagate the local inflammatory reaction and participate in the degradation of extracellular matrix and the changes in follicular vasculature that are required for follicular rupture [30, 31] . Several studies have provided evidence that a number of mediators produced by different leukocyte subtypes participate in ovulation, including histamine, interleukin-1, reactive oxygen species, plasminogen activator, and matrix metalloproteinases [30, 31, [64] [65] [66] [67] [68] [69] [70] . Furthermore, the number of LHinduced ovulations was shown to increase within in vitroperfused rat ovaries after the addition of peripheral blood leukocytes [71] , whereas the depletion of circulating neutrophils in rats decreased the ovulatory response in vivo [72] . Genetic and pharmacological studies producing mice with reduced or functionally defective macrophages also led to an ovulation defect [73] [74] [75] [76] . In contrast, other investigations revealed that leukocyte depletion had no effect on ovulation rate [77, 78] but led to defects in development and function of the corpus luteum [59, 79] . More studies will be needed to determine whether the marked infiltration of eosinophils into the equine preovulatory follicle wall is required for ovulation or corpus luteum formation.
Studies on equine P-selectin thus far have been limited and focused essentially on expression levels in equine platelets and its role in platelet-neutrophil interactions [80, 81] . The present report documents, to our knowledge for the first time, the cloning and characterization of equine Pselectin, with sequencing results further highlighting the relatively conserved primary structure of the protein across species [8, [42] [43] [44] . The equine protein begins with a signal peptide of 41 amino acid residues that, after cleavage, results in a predicted, mature protein of 788 amino acid residues. The mature equine protein consists of a very large extracytoplasmic portion representing more than 92% (729 of 788 amino acid residues) of the protein. This extracytoplasmic portion contains three distinct domains: an amino-terminal, calcium-dependent lectin domain involved in carbohydrate binding, an EGF-like domain whose function remains unclear; and a large domain containing nine repeats of a CRP motif and thought to play a role in spacing the lectin domain from the plasma membrane [82] . The length of this latter domain is variable among species, mainly because of differences in the number of CRP motifs. The equine domain is the only one other than the human domain to contain nine CRPs, whereas the mouse, rat, and ovine domain has eight CRPs [41, 42] (GenBank accession number P98109). The bovine, rabbit, and porcine domain has six CRPs [43, 44] (GenBank accession number AAA81385). The remaining domains of equine P-selectin include a single, 24-amino acid transmembrane region and a short, carboxyl-terminal intracytoplasmic tail (35 amino acid residues), as observed in other species [8, [41] [42] [43] [44] . Although all the precise functions of the cytoplasmic tail have not been elucidated, evidence suggests that it may play a role in the internalization and intracellular sorting of the molecule [83, 84] . Moreover, whereas P-selectin often has been recognized as an adhesion receptor primarily involved in leukocyte capture, the constitutive association of pp60 src (also known as CSK) with P-selectin [85] and the increase in intracellular calcium induced after P-selectin cross-linking [86] suggest that the cytoplasmic tail has signaling function as well.
In summary, the present study is, to our knowledge, the first to characterize the primary structure of equine P-selectin, to demonstrate the regulation of P-selectin transcript and protein in follicular thecal endothelial cells before ovulation, and to unravel part of the molecular basis for the infiltration of leukocytes into preovulatory follicles before rupture. However, the complexity of the mechanisms responsible for leukocyte recruitment to extravascular sites should not be overlooked, and whereas the role of P-selectin in the initial tethering and rolling of leukocytes on the surface of endothelial cells has been recognized clearly, the multiple molecular interactions involved in leukocyte firm attachment and transendothelial migration remain uncharacterized in the follicle. Likewise, the precise chemotactic signals behind the species-specific recruitment of leukocyte subsets in preovulatory follicles remain largely unknown, especially for those attracting eosinophils into follicles. With its relatively large size and protracted ovulatory process, the equine preovulatory follicle should provide a valuable model to address these issues.
